Introduction
The soundness of the banking sector depends on prudential lending practices and on the soundness of the borrowers. Systemic shocks to the borrowers' ability to repay their loans will be transmitted to banks through corporate defaults, thus affecting banks' soundness. Traditionally, bank stress testing does not include corporate stress testing. However, including corporate vulnerability in the evaluation of bank stability could provide a more precise measure of vulnerability in banking and allow policymakers to take necessary steps to prevent bank crises. This paper offers a simple methodology for evaluation of the soundness and vulnerabilities in corporate sector, which can then be linked to bank stress testing. The paper uses data from Jordan to demonstrate the methodology.
There are two reasons to perform such corporate vulnerability assessment: First, using corporate data is likely to strengthen bank stress testing exercises since it provides an independent way to assess the assumptions about the impact of shocks. Second, Jordan is a particularly suitable country for this exercise because there is an active stock exchange with data on over 150 listed non-financial companies publicly available for [2000] [2001] [2002] [2003] [2004] [2005] [2006] .
The paper will proceed in three sections. First section presents benchmarking of corporate vulnerability in Jordan against comparable countries using Worldscope data. Second section contains detailed analysis of corporate vulnerability using firm-level data on publicly listed firms (available from ASE). Specifically, measures of vulnerability will include leverage, performance, growth, and interest coverage (ability to repay the debt). These measures will be broken down by sector, firm size and over time. Third section contains corporate stress testing, investigating the impact of interest rate and earnings shocks on corporate vulnerability measures.
Cross-Country Benchmarking of Corporate Vulnerability
This section compares key vulnerability ratios in Jordan and four comparator countries with available data: Egypt, Israel, Morocco and Turkey. The analysis relies on publicly available data through the Worldscope database, which contains data on largest, most liquid public firms for which there is foreign investor interest. This assessment primarily focuses on the non-financial corporate sector (as financial companies are analyzed elsewhere). Therefore for increased comparability, we limit crosscountry benchmarking to non-financial companies. Table 2 reports key vulnerability ratios for non-financial companies in Jordan. Below we discuss main vulnerability ratios.
High profitability makes the defaults less likely and gives a sense of the overall soundness of the corporate sector. A common measure of profitability is Return on assets, ROA, defined as net income over total assets. It measures the efficiency with which the company is 4 using its assets. Low ROA indicates low productivity and thus potential vulnerability to shocks and financial difficulties. Jordan reports healthy average profitability of around 6%, which compares well with Israel and Turkey, but below that reported in Morocco and Egypt.
Leverage is one of the key measures of corporate vulnerability. High leverage suggests higher risk of insolvency in response to shocks that reduce the value of assets relative to liabilities. Two main measures of leverage are total debt to assets and total liabilities to assets.
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In Jordan these ratios are relatively low. In fact, these ratios are the lowest of all the comparator countries, only 24% for total debt and about 30% for total liabilities, scaled by assets. While these ratios do not suggest high vulnerability in Jordan, they might point to difficulty with obtaining debt financing, which affects even the largest corporations that are represented in the
Worldscope.
While total leverage shows the overall indebtedness of the company, the maturity structure of the debt is also an important factor in determining corporate vulnerability. Shortterm debt makes companies more vulnerable to hikes in interest rates and credit crunches that may reduce creditor's willingness to roll over short-term debt. In Jordan firms have very high proportion of short-term leverage. The ratio of current liabilities to total liabilities is above 80%, which is the largest of all comparator countries, closely followed by Morocco. The ratio of shortterm debt to total debt is also quite high -at 68%, which is just below Morocco at 70% and higher than in other comparator countries.
While the total levels of debt and leverage do not indicate high vulnerability in Jordan, high proportions of short-term debt and short-term leverage might be a source of concern from stability perspective (as they make companies more vulnerable to shocks) and from developmental perspective (as inability to raise long-term financing might slow down the potential growth). Jordan the average Altman Z-score ratio for the 18 non-financial companies in Worldscope is the highest in the region, which means these are on average the healthiest firms relative to comparable countries.
Based on the Wordscope data the benchmarking exercise shows that firms in Jordan show relatively low vulnerability. The one point of concern and further investigation are high proportions of short-term debt.
However, this analysis is limited to 18 Jordanian firms available in Worldscope. The results are thus subject to small sample concerns. These 18 firms are the largest of the listed nonfinancial firms -they comprise about 60% of total assets of all non-financial firms listed on ASE. Therefore they are not very representative of the total population of firms listed on ASE (although from the systemic perspective these firms are the most important). Below we perform more in-depth analysis for all listed firms on ASE.
In-depth Analysis of Corporate Vulnerability in Jordan
Data on public firms available from ASE (Amman Stock Exchange) allow for more in-depth analysis of corporate vulnerability across different sectors, firm size and over time.
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Sector Breakdown
The sector breakdown of ASE data is matched to the classification followed by banks in monthly reporting of sector exposures. The advantage of this method is that industry-level results could be directly matched with bank exposure and allow for integration of industry vulnerability analysis into the bank stress-testing exercise. The disadvantage is that some industry brackets end up with very few firms, while others represent fairly heterogeneous groupings. For example, in 2006 there are only 4 firms in the sector labeled "utilities and energy," while there are 49 firms lumped together under "industry" which is fairly heterogeneous group (i.e. it includes such industries as chemicals, textiles, electronics, machinery, food processing and others). 4 The results for sectors with very few observations should be treated with caution, especially for the utilities and energy sector. Profitability is an important measure of sector performance and potential to meet its debt obligations. Among the sectors considered, the highest profitability is observed in the mining and financial sectors, which report 3.8% and 3.9%, respectively. Industry and trade on average reports ROA of about 1%, which is low by international standards, as shown above.
Transportation is the lowest, with an ROA of 0.3% in 2006. The overall ROA for all listed firms is lower than reported above for the 18 firms available in Worldscope.
In terms of liquidity, tourism and hotels, utilities and real estate companies have the highest quick ratio, i.e. highest ability to meet current liabilities with current assets. Industry, construction and transportation have lower quick ratios, just barely above one on average. These companies are less liquid, and hence more vulnerable to shocks to short-term financing or cash flows.
The overall level of indebtedness is an important factor in evaluating corporate vulnerability. Two measures of total indebtedness are total debt to assets, and total liabilities to 8 assets. 5 The average levels of total liabilities and total debt to assets are comparable to those reported above for a smaller subsample of firms available in Worldscope.
In 2006, utilities and energy report the highest total debt and total liabilities levels followed by construction and transportation. The lowest levels of debt are observed in mining, industry, and trade, and the lowest in tourism and hotels.
As discussed above, while the total levels of debt are fairly low in Jordan, relative to several comparable countries, the levels of short-term debt are relatively higher. The ratio of current liabilities to total liabilities is above 80% on average for the whole sample, and it is highest in industry (almost 90% of total liabilities are current), followed by mining and trade. It is lowest in tourism and hotels and utilities and energy. Interest coverage shows the ability to cover interest expenses using the current period earnings. Interest coverage is the highest in financial firms, followed by trade and construction. It is lowest in industry-only 2.8 on average, followed by transportation and tourism and hotels.
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The proportion of firms with industry coverage below one is an important indicator of the proportion of firms that are below the threshold of interest coverage that is considered safe. As a conservative estimate, the threshold of 0.75 is used, following Jones and Karasulu (2006) . The transportation sector stands out with the highest proportion of firms with low interest coverageat 30%, closely followed by industry, at 25%. The better performers on this measure are mining and tourism and hotels (close to 10%) and utilities and energy (only 4 firms in that category and not one has interest coverage below 0.75).
However, the proportion of firms that falls below the threshold for ICR does not take into account different firm size, or more precisely the amount borrowed by different firms. For example, take two industries in which 20% of all firms have ICR below the threshold of 0.75.
However, in one industry these 20% are some of the smallest firms in the industry, with small amount of total debt, which in the other industry these 20% of affected firms are some of the largest firms in the industry. The different debt exposure needs to be weighed in in the assessment of sectoral vulnerability. This problem is addressed by the metric referred to as the uncovered debt ratio, discussed below.
The uncovered debt ratios (UDR) shows a proportion of industry-debt for which earnings (EBTDA) do not adequately cover the interest payments. It is measured by ratio of total debt of firms with interest coverage below 0.75 to total debt of all firms in the industry. Thus, it takes into account the relative sizes of debt. The UDR measure provides a useful proxy for underlying credit quality in the corporate sector.
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Based on this metric, construction is the most vulnerable sector, with a UDR of 27%, followed by th financial sector with a ratio of 24%. Trade and industry have UDR's close to 20%. utilities and energy and mining report UDR's close to zero.
Finally, Altman's Z is an aggregate measure of vulnerability, which takes into account several key ratios used to predict corporate default in the US and other countries. According to this measure, the transportation and mining sectors score well (with scores of 9 and 8 10 respectively), while utilities and energy score very poorly, with a score of 1. Industry, trade and construction are all on the low side.
So far, out of 9 different measures considered, some sectors score well on some measures, while they score poorly on other measures. To aggregate the results in a simple index, we add the number of times the sector is noted as having high vulnerability and subtract the number of times that sector is noted as low vulnerability. The overall vulnerability index then shows the net effect of different measures. Positive overall index suggest that the sector is more often noted as having higher vulnerability, while negative overall index shows overall lower vulnerability. Below we break down three of largest sectors -industry, trade and finance into several sub-sectors. 7 Results for these subsectors are reported in Table 4 .
There is some variation among sub-sectors within each sector. For example within the industrial sector, chemical industries report significantly higher proportion of firms with low interest coverage and higher uncovered debt ratios than other sub-sectors. Food and beverage also report high uncovered debt ratio. Thus, two sub-sectors are significantly different than the rest of the firms within the industrial sector.
Similar differences are observed in other sectors. Thus in trade, commercial services appear to be more vulnerable than non-commercial services (which is the aggregate of other subsectors within trade sector): Commercial services report 50% uncovered debt ratio, while noncommercial it is only 11%. Within the financial sector real estate performs better than diversified financial services -those companies have higher ROA, lower debt, higher interest coverage and lower uncovered debt. Since some of the broad sector groupings are fairly heterogeneous, it might be beneficial for more precise reporting and surveillance, to request further break-down of industrial and service groups into several sub-categories, based on actual industrial composition in Jordan. As discussed below, these are also the sectors with large bank exposures. Table 3 , which included all firms in 2006 with available data).
Evolution of Vulnerability Measures over Time
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Jordanian firms were most liquid in 2004, just when profitability peaked, with a quick ratio of 6.0. Firms were the least liquid in 2006, with a quick ratio of 3.5.
Total indebtedness is fairly constant across time, with total liabilities to total assets being fairly close to 29% and total debt over total assets hovering close to 21%. As mentioned in the previous section, short-term indebtedness is fairly high at an average of 80% and is fairly stable over time, with the highest number of 82% recorded for 2006.
Interest coverage, the ability of a firm's current earnings to pay off its interest payments, is highest in 2004, corresponding to the beginning of peak profitability, at an average of 23.8. These signs point to increasing vulnerability in 2006, which is a source of concern. Table 6 reports the average of the vulnerability ratios by firm size, as measured by total sales, for There is a clear positive relationship between firm size and profitability, as measured by the ROA: the smallest firms, those in the first quartile, have negative profitability, with an average ROA of -1.6%, while the largest firms, those in the fourth quartile, have the highest ROA (7.3%). The smallest firms have negative ROAs.
Analysis of Vulnerability by Size
Like profitability, total indebtedness has a positive relationship with firm size. The ratio of total liabilities over total assets is highest at 40% for the fourth quartile, while it is the lowest at 24% for the first quartile. Total debt over total assets is highest at 31% for the fourth quartile, but the first and second quartiles have the lowest ratios at 19%. Lower indebtedness for smaller firms explains their higher liquidity levels -they have more assets then liabilities, likely due to their inability to obtain credit.
In terms of short-term indebtedness, as measured by current liabilities over total liabilities, there is not a distinct relationship with firm size, but an upside-down U-shape. The 15 highest short-term indebtedness is 89% for the second quartile of firms, and is roughly equal for the first and third quartiles, with current liabilities over total liabilities of 82% and 83%
respectively. The fourth quartile of firms has the least short-term indebtedness, with current liabilities over total liabilities of 78%. Thus, largest firms are better able to obtain longer term financing then medium and smaller firms.
Interest coverage, the ability of firms to meet interest expenses using current earnings, increases as firm size increases, following the same pattern as profitability. Interest coverage is lowest for the first quartile at 3.3, while it is highest for the fourth quartile at 23.9. Thus, even though smaller firms have lower debt, they have less ability to cover the interest payments on their debt.
The proportion of firms with interest coverage less than 0.75 has a similar relationship:
Larger firms are less likely to be vulnerable than smaller firms. A greater proportion of firms at the first quartile are unlikely to meet their interest expenses, while a smaller proportion of firms at the fourth quartile are unlikely to meet their interest expense: 28% and 10% respectively.
Accounting for the different debt loads of firms by using the Uncovered Debt Ratio, again, the largest firms are less vulnerable than the smallest firms. The UDR for firms in the first quartile is 38%, it is only 7% in third and 9% in the fourth quartile. Altman Z-score does not have a clear patter with size.
To summarize this section, smaller firms are less profitable, have lower debt, but higher vulnerability (lower interest coverage and higher uncovered debt ratios.) 
Key Measures of Corporate Vulnerability
This section describes two key measures that will be used below in corporate stress testing and bank stress testing.
The proportion of firms in the industry that find it difficult to meet their interest payments with current earnings, i.e. for which interest coverage ratio falls below a certain threshold (such as below 1, or below 0.75) is one metric of sectoral level vulnerability. The higher proportion of firms in the industry that find it difficult to meet their interest payment, the more vulnerable that industry is, and the higher risk the banks with higher exposure to that industry will bear. (the latest year with corporate data) along with the number of firms in each sector. (Table 7 simply replicates several rows from Table 3 above). The transportation sector has the largest proportion of firms with industry coverage below 0.75: 30% of all firms, followed by industry, 27%, services and construction at 22%. Uncovered Debt Ratios (UDR) is a metric that shows a proportion of industry-debt for which earnings (EBTDA) do not adequately cover the interest payments. The UDR measure provides a useful proxy for underlying credit quality in the corporate sector.
If banks have equal exposures to all firms in the sector, the UDR is a better measure of corporate vulnerability that would better predict bank NPL's. However, different banks might have different exposures to firms in the same sector. Nevertheless, UDR shows the overall level of vulnerability in the sector.
The exact definition of UDR follows Jones and Karasulu (2006) who define it as a proportion of total industry debt for which ICR is less than 0.75. 9 Table 7 above also reports UDR by sector, for 2006. Using this metric, construction becomes the sector that shows most vulnerability -close to 30% of all industry debt is uncovered (i.e. interest coverage is below 0.75). General industry and general trade (i.e. services) each have close to 20% of all debt classified as uncovered. In contrast, transportation, which had the highest proportion of ICR firms has a minor UDR of close to 3%. This is because the 30% (i.e. 3 out of 10) firms in transportation industry with ICR below 0.75 turn out to be the smallest firms 9 Specifically, the UDR is the ratio of sum of industry debt for all firms for which ICR is below 0.75 over total debt of all firms in the industry. Note that official data do not report a balance sheet entry called total debt. To impute the total debt levels, we take total liabilities and subtract accounts payable. This roughly represents firm level interestbearing debt. 
Shocks to Corporate Vulnerability
In this section we use corporate data to evaluate of the impact of shocks on corporate ability to repay debt. The ICR and UDR are used as two metrics to see the impact on corporate vulnerability of shocks to corporate sector.
Interest Rate Shocks
Here we investigate two possible scenarios for interest rate shocks: increase in interest rates by 4% or 8%. These two shocks would directly affect corporate ability to repay their debts, and be reflected in the proportion of firms with ICR below the threshold and the sectoral level UDR.
To evaluate the impact of shocks the following procedure is adopted. Figure 3 shows the same results for UDR in a more visual form. This analysis so far shows that even a small interest rate increase of 4% will be dangerous to several firms in construction, finance, utilities and energy, industry or trade. 
Shocks to Earnings
In addition to stressing the interest payments, corporate data allows for simulations and stress tests of shocks to corporate earnings. The EBITDA is the key ingredient in the calculation of interest coverage and uncovered debt ratios discussed above. Shocks to corporate earnings, i.e. to EBITDA, will be directly reflected in corporate ability to repay their debts.
While the interest rate shocks were the same as in bank stress testing scenarios, the earnings shocks are not directly comparable to macro economic bank stress testing scenarios.
Therefore, we develop separate scenarios for earnings shocks based on historical volatility of earnings. Table 9 reports historical median growth rates in EBITDA by sector. The firm-level yearly EBITDA growth is calculated, then the sector-level median is reported for each year.
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One observation from Table 9 is high volatility of EBITDA growth -with wide swings between periods of high growth, or high contraction.
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11 Table 4 reports nominal growth rates. Inflation in Jordan was ranging between 1.5-6% in the years in the sample. Thus, real growth rates would be adjusted by the inflation rates. 12 Note that the growth rates are calculated only using the balanced panel, to prevent differences in sample composition, i.e. the fact that not all firms have data for all years, from affecting the results. Most industries have experienced a drop in earnings of at least 25% (except utilities and energy for which the lowest drop is 17%). Over half of sectors have experienced a drop of close to 50%.
Based on historical volatility in EBITDA growth, two scenarios for earnings stress tests were developed: drop in earnings by 25% and drop in earnings by 50%. The procedure for stressing the earnings is similar to the procedure of stressing the interest rates, as follows:
1. Assume a decrease in current EBITDA of 25% or 50% depending on scenario. Overall, the stress testing analysis shows that the most vulnerable sectors are construction, finance, industry and trade.
Assumptions and Caveats
As in any empirical exercise, there are a number of assumptions and caveats that must be kept in mind when applying the results for policy analysis. Below we discuss key assumptions that were made in the study and some caveats.
First, financial statement data only available on publicly listed firms. Thus, it is assumed that all firms in the sector behave similarly to publicly listed firms. In fact, smaller companies might behave differently. However, the analysis of ASE listed companies by size shows higher vulnerability in smaller listed companies. Therefore, the results obtained from large listed companies might be conservative estimates of the overall impact (as the impact on smaller companies might be larger).
Second, sectoral classification may not be precise (i.e. how ASE is classifying companies and how banks are classifying the same companies might be different).
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Finally, corporate data might be noisy and imprecise. Implied interest rates for each company are calculated as interest expense over total debt. These are very rough approximations of actual interest rates paid by the company. Many companies record low implied interest rates, even below 1 percent. Some companies report zero interest expense with non-zero debt. In addition, corporate statements do not allow for precise identification of total bank debt; total debt is approximated as total liabilities minus accounts payables
Conclusion
The results of the corporate stress tests suggest that both earnings and interest rate shocks have significant impacts on corporate vulnerability. For Jordan, the results of the tests show that there are a number of firms in the construction, financial and real estate sectors, and in the industry and trade sectors that will be negatively affected by shocks to interest rates or earnings. These stress tests highlight the importance of assessment of corporate vulnerability and including it in bank stress tests.
Because different banks have different sector exposures, and different sectors exhibit different vulnerability at different times, the stress tests that include corporate exposure will provide a more precise evaluation of bank soundness. The estimated NPLs can be used in bank stress testing to evaluate the capital adequacy of the banks.
